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Background: Prostate cancer is the most common male malignancy and a mayor cause of mortality in the western 
world. The impact of clinicopathological variables on disease related outcomes have mainly been reported from a 
few large US series, most of them not reporting on perineural infiltration. We therefore wanted to investigate 
relevant cancer outcomes in patients undergoing radical prostatectomy in two Norwegian health regions with an 
emphasis on the impact of perineural infiltration (PNI) and prostate specific antigen- doubling time (PSA-DT). 

Methods: We conducted a retrospective analysis of 535 prostatectomy patients at three hospitals between 1995 
and 2005 estimating biochemical failure- (BFFS), clinical failure- (CFFS) and prostate cancer death-free survival 
(PCDFS) with the Kaplan-Meier method. We investigated clinicopathological factors influencing risk of events using 
cox proportional hazard regression. 

Results: After a median follow-up of 89 months, 170 patients (32%) experienced biochemical failure (BF), 36 (7%) 
experienced clinical failure and 1 5 (3%) had died of prostate cancer. pT-Stage (p = 0.001), preoperative PSA (p = 0.047), 
Gleason Score (p = 0.032), non-apical positive surgical margins (PSM) (p = 0.003) and apical PSM (p = 0.031) were all 
independently associated to BFFS. Gleason score (p = 0.01 9), PNI (p = 0.01 2) and non-apical PSM (p = 0.002) were all 
independently associated to CFFS while only PNI (P = 0.047) and subgroups of Gleason score were independently 
associated to PCDFS. After BF, patients with a shorter PSA-DT had independent and significant worse event-free 
survivals than patients with PSA-DT > 1 5 months (PSA-DT = 3-9 months, CFFS HR = 6.44, p < 0.001 , PCDFS HR = 1 3.7, 
p = 0.020; PSA-DT < 3 months, CFFS HR = 1 1 .2, p < 0.001, PCDFS HR = 27.5, p = 0.006). 

Conclusions: After prostatectomy, CFFS and PCDFS are variable, but both are strongly associated to Gleason score and 
PNI. In patients with BF, PSA-DT was most strongly associated to CF and PCD. Our study adds weight to the importance 
of PSA-DT and re-launches PNI as a strong prognosticator for clinically relevant endpoints. 
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Background 

Prostate cancer (PC) is the most common male malig- 
nancy and the second most common cause of cancer 
mortality in Norway [1]. It is presently the most preva- 
lent cancer and there has been an increasing incidence 
until 2007 where after a reduction was noted [1]. When 
PSA was widely introduced in Norway in the early 
1990s, an increasing number of men were diagnosed 
and treated with curative intent (33% in 2001) [2]. Al- 
though declining, Norway has the highest mortality rate 
of all western countries [3,4]. There has been an increasing 
use of radical prostatectomy (RP), but a majority of pa- 
tients diagnosed with PC will not have symptomatic dis- 
ease or die of the disease as they have non-lethal P [5]. 
The reduced risk of prostate cancer specific mortality 
after a radical prostatectomy compared to watchful 
waiting has been estimated to range between 0-25% de- 
pending on tumor characteristics [6]. The only RCT evi- 
dence for a reduction in prostate cancer mortality is the 
SPCG-4 trial [7]. 

Disease-specific survival after RP has mainly been re- 
ported from a number of single institutions, but a few 
studies have reported on larger cohorts and three stud- 
ies have described survival in nationwide cohorts in 
Europe [8-10]. Some of these larger studies lack suffi- 
cient follow-up, relevant prognostic parameters and 
clinically relevant end-points in the analysis. 

Clinicopathological variables for predicting disease 
outcome after RP are numerous with Gleason grade 
and score, pTNM-stage, preoperative PSA and surgical 
margins as the most widely adopted ones [11,12]. User- 
friendly predictive tools like look-up tables, risk classifica- 
tions and nomograms have been developed [11,13]. Some 
variables like lymphovascular invasion [14], tumor volume 
[15], pT2 subclassification [16] and tertiary Gleason 
grade [17] are conflicting or have insufficient support- 
ing data yet. 

For patients with biochemical failure (BF) there are 
several treatment options including continuous, inter- 
mittent or deferred androgen deprivation, salvage ir- 
radiation of the prostate bed and trial participation. To 
choose the optimal therapy for these patients it is cru- 
cial to understand the risk factors for a subsequent 
clinical failure or death of PC, especially since manage- 
ment strategy remains controversial [18-20]. After BF, 
PSA kinetics, or more specifically PSA-Doubling Time 
(PSA-DT), has emerged as a prognostic variable [21-25]. 
However, as a pretreatment marker, PSA-DT has not 
found its position [26,27] . 

The objective of the present study was to describe dis- 
ease outcome data for patients operated in the PSA era in 
three urological centers in two major health regions in 
Norway, and to examine the impact of post-prostatectomy 
PSA-DT on clinical outcomes. 



Methods 

Patients 

671 patients were retrospectively identified with RPs for 
adenocarcinoma of the prostate between 01.01.1995 to 
31.12.2005 from the archives of the Departments of 
Pathology at St. Olav Hospital/Trondheim University 
Hospital (St. Olav) (n = 341), Nordlandssykehuset Bodo 
(NLSH) (n = 63) and the University Hospital of Northern 
Norway (UNN) (n = 267). Of these, 131 patients were ex- 
cluded due to non-available tissue blocks for re-evaluation 
(St. Olav n = 112, NLSH n = 3, UNN n = 15), four patients 
were excluded due to other cancers (not superficial skin 
cancers) within 5 years of diagnosis (UNN n = 4), one pa- 
tient was excluded due to previous radiotherapy to the 
pelvic region (NLSH) and one patient due to lack of follow- 
up data (St. Olav). Thus, 535 eligible patients had complete 
follow-up data and tissue blocks for re-evaluation. Pre- 
operative clinical TNM staging was unevenly stated in the 
medical files and data are therefore not presented. 

Definition of end-points and clinical variables 

The preoperative PSA values were assessed right before 
surgery, except for those few patients who underwent 
transurethral resection of the prostate (TUR-P) prior to 
the RP. For these patients the PSA value before the TUR-P 
was used. PC was an incidental finding in these patients. 

BF was defined as PSA >0.4 ng/ml in at least two 
consecutive postoperative blood samples according to 
Stephenson et al. [28]. Clinical failure (CF) was defined 
as verified symptomatic locally advanced progression after 
radical treatments and/or metastasis to bone, visceral 
organs or lymph nodes on CT, MR, bone scan or ultra- 
sonography. Prostate cancer death (PCD) was defined 
as death with progressive and disseminated castration- 
resistant PC despite therapy. PSA-DT was calculated 
by the online available MSKCC-calculator (http://nomo- 
grams.mskcc.org/Prostate/PsaDoublingTime.aspx) which 
calculates a regression slope on the basis of all PSA values 
taken using natural log of 2 (0.693) divided by the slope of 
the relationship between the log of PSA and time of PSA 
measurement for each patient in months [24]. Up to four 
separate (at least 6 weeks apart) PSA measurements before 
supplementary treatment (endocrine therapy, radiotherapy 
or chemotherapy) were included. Optimal cut-off points 
for stratification of PSA-DT have been varying between 
reporters. We used cut-off values as the largest reported 
patient series to date from Johns Hopkins [21]. Hence, 
the four groups of patients with significantly differing prog- 
nosis for both CF and PCD were patients with PSA-DT < 
3 months, 3-9 months, 9-15 months and >15 months. 

Postoperative follow-up (FU) protocols were not com- 
pletely uniform in the participating hospitals, but all FUs 
included PSA measurements and clinical examinations 
(including digital rectal examination in PSA recurrence) 
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every three months for the first year, every six months for 
the second year and once yearly for the following years. 
Imaging with CT, MRI or radio nucleotide bone scans was 
done upon symptoms or rising PSA. 

The follow-up of patients was done by examining the pa- 
tient medical files at the operating centers and the patients' 
local hospital. Biochemical failure free survival (BFFS) was 
calculated from the date of surgery to the last FU date for 
BF, which was the last date of a measured PSA. Clinical fail- 
ure free survival (CFFS) was calculated from the date of 
surgery to the last FU date for CF, which was the last date 
without symptoms or any evidence of metastasis. Prostate 
cancer death free survival (PCDFS) was calculated from the 
date of surgery to the date of death. 

Tissues 

All prostate specimens were re-evaluated regarding to 
histopathological variables and re-staged according to 
the 2010 revision of the TNM classification [29] inde- 
pendently by two experienced pathologists (E.R, L.T.B). 
A positive surgical margin (PSM) was defined as tumor 
extension to the inked surface of the resected specimen 
[30-32]. Tumor size was measured as the largest diam- 
eter of the index tumor and was used due to previous 
observations of excellent correlation to PC volume [15]. 
Median tumor size was 20 mm and was set as cut-off in 
further analyses. Perineural infiltration (PNI) was de- 
fined as tumor cells within the perineural space adjacent 
to a nerve outside of the prostate capsule. Lymphovascu- 
lar infiltration (LVI) was defined as tumor cells found 
within lymphatic or blood vessels. Gleason grading was 
re-graded according to the 2005 International Society of 
Urological Pathology Modified Gleason System [33]. 

Statistical methods 

Analyses for the patients with BF regarding the impact 
of PSA-DT on CFFS and PCDFS required the baseline 
date to be changed to date of BF as opposed to date of 
surgery for the other analyses. 

The SPSS version 20 was used for the statistical analyses 
(Chicago, IL. USA). The non-parametric Spearman correl- 
ation coefficient (r) was used to calculate correlations be- 
tween variables and only moderate or strong correlations 
(r > 0.3) are described, x 2 statistics were utilized for distri- 
bution differences between groups. Plots of the event-free 
survivals were drawn using the Kaplan-Meier method, and 
the statistical significance between survival curves was 
assessed by the log-rank test. Univariate analyses for the 
various endpoints (Table 1) according to clinical and 
histopathological variables were done. Significant variables 
(bold text in Table 1) were entered in the multivariate ana- 
lyses for all patients (Table 2). The backward Cox regres- 
sion analysis was used with a probability for stepwise entry 
and removal at 0.05 and 0.10, respectively. A p-value < 0.05 



was considered statistically significant for all analyses. For 
the patients with BF (Table 3), all significant variables from 
the univariate analyses for both CF and PCD, were entered 
in the multivariate analysis These were tumor size, the 
margin variables, PNI, LVI, pT stage, pN stage and Glea- 
son score. Due to the low number of events for PCD (15 
events) we used an enter model with manual inclusion 
and removal of variables to identify the three most signifi- 
cant variables (Gleason score, PNI and positive non-apical 
margin) before entering them into the models. 

Ethics 

This study was approved by the regional ethics commit- 
tee, REK Nord, project application 2009/1393. 

Results 

Patient characteristics 

Median age at surgery was 62 years (range 45-75), median 
follow-up of survivors was 89 months (range 6.3-188.3). 
279 patients underwent a limited lymphadenectomy. 

The pT2 group (n = 374) was sub-classified to pT2a 
(n = 139; 37%), pT2b (n = 34; 9%) and pT2c (n = 201; 
54%). pT stage was correlated to PNI (r = 0.33, p < 
0.001), T-Size (r = 0.30, p< 0.001) and positive non- 
apical margin (r = 0.373 p < 0.001). 

Indications for lymph node dissection were not predeter- 
mined for the centers involved, but was done according to 
the surgeons preference which mosdy was if Partin nomo- 
grams indicated >10% risk of Nl disease or Gleason >8, 
PSA >10 or suspected cT3. Three patients were found to 
have discrete metastasis in regional lymph nodes at re- 
evaluation (paraffin embedded tissue) of initial frozen- 
section-negative lymph nodes. 

Preoperative PSA was available for 542 of 548 (99%) pa- 
tients. Median value was 8.8 ng/ml (range 0.7-104.3). The 
variable was dichotomized with PSA = 10 ng/ml as chosen 
cut-off. 

Distributions of Gleason scores are presented in Table 1. 
Patients with Gleason 4 + 5 (n = 26; 5%), Gleason 5 + 4 (n = 
6; 1%) and Gleason 5 + 5 (n = 3, <1%) were pooled in the 
Gleason >9 group due to the low number of these patients. 
In patients with BF, Gleason score correlated inversely with 
PSA-DT (r = -0.37, p <0.001) 

The maximum diameter of the index tumor (T-Size) 
had a median value of 20 mm (range 2-50). T-Size cor- 
related significantly with pT stage (r = 0.30 p < 0.001). 
We explored the prognostic value of T-Size in the pT2 
subgroup, but no significant association to event-free- 
survival was found in univariate analyses and the vari- 
able was consequently not entered into multivariate 
analysis. 

PNI correlated to LVI (r = 0.393, p < 0.001), and pT stage 
(r = 0.33, p < 0.001 77 (14%) patients of the patients had 
both apical and non-apical PSM. There was a significant 
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Table 1 Patient characteristics and clinicopathological variables, and their prognostic value for the three endpoints in 
535 prostate cancer patients (univariate analyses; log rank test) 



Characteristic 



Age 

< 65 years 

> 65 years 
pT-stage 

pT2 

pT3a 

pT3b 
pN-stage 

NX 

NO 

Nl 

Preop PSA 

PSA < 10 
PSA > 10 
Missing 
Gleason 

3 + 3 
3+4 

4 + 3 
4 + 4 
>9 

Tumor size 
0-20 mm 
>20 mm 

PNI 

No 
Yes 

PSM 

No 
Yes 

Non-apical PSM 

No 
Yes 
Apical PSM 

No 

Yes 

LVI 

No 
Yes 



Patients 
(n) 



35/ 
178 

374 
114 
47 

264 
268 
3 

308 
221 
6 

183 
220 
80 
19 
33 

250 
285 

401 
134 

249 
286 

381 
154 

325 
210 

492 
43 



Patients 

(%) 



67 
33 

70 
21 
9 

49 
50 
1 

57 
42 
1 

34 
41 
15 
4 
6 

■-1/ 
53 

75 
25 

A/ 
53 

71 
29 

61 

39 

92 



BF 

(1 70 events) 



CF 

(36 events) 



PCD 
(15 events) 



5-year EFS (%) 

76 
70 

83 
60 
43 

79 
/I 
0 



6 ' 



83 
76 
69 
63 
34 

82 
67 

79 



81 
69 

81 
5/ 

73 
// 

// 
46 



P 

0.55 



<0.001 



<0.001 



<0.001 



<0.001 



<0.001 



<0.001 



0.041 



<0.001 



0.04 



<0.001 



10-year EFS (%) p 

0.085 



92 



96 
86 
73 

95 
89 
33 

93 



98 
93 
84 
76 
67 

94 



9b 



94 



ob 



90 
92 

93 
/ 1 



<0.001 



<0.001 



0.085 



<0.001 



0.019 



<0.001 



0.038 



<0.001 



0.484 



<0.001 



10-year EFS (%) 

97 
96 

98 
98 



97 
67 



95 



99 
98 
95 
94 
87 

99 
96 



93 

97 
97 

98 
94 

96 



P 

0.600 



0.027 



<0.001 



0.061 



0.001 



0.098 



0.002 



0.697 



0.029 



0.31 



0.009 
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Table 1 Patient characteristics and clinicopathological variables, and their prognostic value for the three endpoints in 
535 prostate cancer patients (univariate analyses; log rank test) (Continued) 

Surgical proc 0.23 0.41 0.581 

Retropubic 435 81 76 90 97 

Perineal 100 19 67 95 98 

Abbreviations: BF biochemical failure, CF Clinical failure, FFS event free survival in months, LVl lymphovascular infiltration, PCD prostate cancer death, NR not 
reached, P P value for log rank statistic for difference in event free survival, PC Prostate cancer, PNI Perineural infiltration, Post op RT postoperative radiotherapy, 
Preop preoperative, PSA Prostate specific antigen, PSM Positive surgical margin, Surgical proc surgical procedure. Significant p-values in bold (threshold p < 0.05). 



decline of PSMs for RPs performed during the latter part 
of the period (\2, p < 0.001). During the period 1995-2000 
129/197 (66%) patients had PSM while in the period 
2001-2005 162/351 (46%) patients had PSM. LVI corre- 
lated with PNI and to pT stage (r = 0.33, p < 0.001. 

In pT3 patients, 109 of 161 (68%) patients had PSM 
while 182 of 387 (47%) pT2 patients had PSM. There 



was a significant association with operating center {y2, 
p < 0.001) with St. Olav having the lowest PSM rates. 

In non-apical PSM, PSA correlated significantly with 
pT stage (r = 0.373, p < 0.001). 

When stratifying for pT stage non-apical PSM had a 
significant impact in pT3a patients (p = 0.001), but not 
in pT2 (p = 0.69) or pT3b patients (p = 0.075). 



Table 2 Multivariate analyses in models including significant univariate analyses for all patients 
(Cox regression, backward conditional) 



Characteristic 




BF (170 events)* 




CF (36 events) 


PCD (15 events)* 




HR 


CI95% 


P 


HR CI95% p 


HR CI95% p 


pT-stage 






0.001 


NS 


NS 


pT2 


1 










pT3a 


1.70 


1.14-2.54 


0.010 






pT3b 


2.40 


1.45-3.97 


0.001 






Preop PSA 








NE 


NS 


PSA < 1 0 


1 










PSA > 10 


1.39 


1.01-1.91 


0.047 






Gleason 






0.032 


0.019 


0.087 


3 + 3 


1 






1 


1 


3 + 4 


1.05 


0.70-1.56 


0.81 


2.45 0.78-6.90 0.09 


3.71 0.41-33.2 0.242 


4 + 3 


1.55 


0.97-2.47 


0.07 


2.87 0.91-9.10 0.07 


10.47 1.21-90.7 0.033 


4 + 4 


1.42 


0.68-2.97 


0.36 


2.73 0.52-14.2 0.23 


7.43 0.46-121 0.159 


>9 


2.39 


1.31-4.35 


0.004 


6.74 2.21-20.6 0.001 


15.26 1.65-141 0.016 


PNI 

No 

Yes 






0.090 


0.012 


0.047 


1 

1.35 


0.95-1.92 




1 

2.48 1.23-5.04 


1 

3.17 1.02-9.87 


Non-apical PSM* 






0.003 


0.002 


NS 


No 


1 






1 




Yes 


1.70 


1 .20-2.40 




3.22 1 .56-6.64 




Apical PSM* 

No 

Yes 


1 




0.031 


NE 


NS 


0.69 


0.49-0.97 








Significant p-values in bold (threshold p < 0.05). 

Abbreviations'. BF biochemical failure, CF Clinical failure, LVI lymphovascular infiltration, NE not entered, due to non-significance in the univariate analyses, NS not 
significant, the characteristic is removed by the backward conditional analysis due to insignificance, PCD prostate cancer death, PNI Perineural infiltration, Posf op 
RT postoperative radiotherapy, Preop preoperative, PSA Prostate specific antigen, PSM Positive surgical margin. 
f Tumor Size, pN-stage and LVI were removed by the backward conditional model due to insignificance in all models. 
± Only the subgroups (apical/non-apical PSM) of PSM were entered. 

*Due to the low number of events the model was carefully analyzed in advance with the inclusion and removal of variables in an enter analysis to find the most 
significant in advance before doing the final model with the three variables; Gleason score, perineural infiltration and positive non-apical margin. 
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Table 3 Multivariate analysis including significant univariate analyses for the 170 patients with biochemical failure 
(Cox regression, backward conditional) 



Patients CF (36 events)* PCD (1 5 events) 





N 


(%) 


5-year EFS (%) 


HR 


CI95% 


P 


Events (N) 


10-year EFS (%) 


HR 


CI95% 


P 


Events (N) 


PSA-DT 












<0.001 










0.029 




Missing 


12 


/ 




NE 






3 




NE 






0 


>15 


71 


42 


98 


1 


Ref 




5 


93 


1 


Ref 




1 


9-14.9 


27 


16 


// 


3.28 


0.9-11.9 


0.09 


5 


86 


4.60 


0.41-52.0 


0.22 


2 


3-8,9 


46 


27 


69 


6.44 


2.26-18.3 


<0.001 


16 


70 


13.7 


1.51-124 


0.020 


8 


<3 


14 


8 


59 


11.2 


3.35-37.7 


<0.001 


/ 


49 


27.5 


2.64-286 


0.006 


4 


pN-stage 












0.002 










0.020 




NX 


69 


41 




1 


Ref 




9 




1 


Ref 




3 


NO 


98 


5/ 




1.38 


0.61-3.13 


0.45 


24 




1.20 


0.31-4.59 


0.80 


11 


Nl 


3 


2 




19.1 


3.69-100 


<0.001 


2 




32.5 


2.61-405 


0.007 


1 



Significant p-values in bold (threshold p < 0.05). 

Abbreviations: BF biochemical failure, CF Clinical failure, NS not significant, the characteristic is removed by the backward conditional analysis due to insignificance, 
NE not entered, PCD prostate cancer death, PSA Prostate specific antigen, PSA-DT PSA doubling time in months; + a positive non-apical margin, PNI, vase inf, pT 
stage and Gleason were removed by the backward conditional model due to insignificance in all models. *Due to the low number of events the model was 
carefully analyzed in advance with the inclusion and removal of variables in an enter analysis to find the most significant in advance before doing the final model 
with the three variables; PSA-DT, Gleason score and pN-stage. 



Events and PSA-DT 

170 patients had BF during FU. Of these, 31 patients never 
reached postoperative PSA nadir < 0.4 ng/ml. When re- 
moving these patients (143 patients left) the median time 
to BF was 35 months (range 2.8-164). For CF patients the 
median time from BF to CF was 38.2 months (range 0- 
130.7). For PCD patients the median time from BF to 
PCD was 72.2 months (range 34.4-147). Kaplan-Meier 
curves illustrates event-free survivals are in Figure 1. 

PSA data before salvage therapy was retrievable for 158 
out of 170 patients with BF to calculate PSA-DT. Median 
PSA-DT was 13.6 months (range 0.4-332). Quartile cut-off 
values were 5.5, 13.4, and 23.9 months. We used the previ- 
ously published cut-offs regarding PSA-DT [21] as these in 
our cohort reliably divided the patients into subgroups with 
differing hazard ratios for CF or PCD. PSA-DT correlated 
inversely with Gleason score (r = -0.37, p < 0.001) (Figure 2). 
Kaplan-Meier curves illustrating event-free survivals ac- 
cording to different PSA doubling times are in Figure 2. 

For validation we did subgroup analyses stratifying for 
health regions. The results were highly significant in both 
Helse Nord (p < 0.001) and Helse Midt (p = 0.004). 

Among the 36 (7%) patients with CF, 13 patients had 
symptomatic locally advanced progression, 18 had bone 
metastasis and 5 had regional lymph node metastasis. Me- 
dian time to CF after RP was 64 months (range 15-159). 

Concerning CF, 8/33 events (24%) were in patients with 
PSA-DT < 3 months and 23/33 events (70%) were in pa- 
tients with PSA-DT less than 9 months. For PCD, 4/15 
events were in patients with PSA-DT < 3 months and 12/ 
15 events were in the patients with PSA-DT less than 
9 months. 



15 patients died of PC leaving 43/58 (74%) patients to 
have died of other causes at a mean time of 76 months 
after RP. 

Impact of surgical center 

Patients had their RP at one of three hospitals: UNN (n = 
248, StOlav (n = 228) and NLSB (n = 59). There was no 
statistical significant differences in risk of CF (p = 0.40) 
and PCD (p = 0.973) between the centers. 




0.5-1 

i 1 1 1 1 1 1 

0 24 48 72 96 120 144 

Time (months) 

Figure 1 Overlapping Kaplan-Meier curves, each illustrating 
event-free survival for the whole cohort for the specific event. 

Note that the Y-axis has been modified with a proportion of 0.5 as 
the origin to better illustrate the differences. PCDF-survival = Prostate 
cancer death free-survival; CFF-survival = Clinical failure free-survival; 
BFF = Biochemical failure free-survival. 



Andersen et al. BMC Urology 2014, 14:49 
http://www.biomedcentral.com/1471-2490/14/49 



Page 7 of 1 1 



(A) 



3 
W 
■ 

0) 



o 
'c 

o 



n 
> 



3 
■ 

0> 



(0 

<1> 
Q 
i— 
<u 
o 
c 
ro 
O 
<v 

IS 

</> 
o 



1,0- 



to 

£ 0,8 



0,6- 



a o,4 



I 0,2- 



0,0- 




* W »fl M I - <j >15 mon ths, N = 71 
■hh -t 9-15 mbnths, N = 27 



1 3-9 months, N = 46 
•h-H ♦(-- 1- H 



0-3 months, N = 14 



24 48 72 96 120 
Time from BF to CF (months) 



144 



168 



IB) 



1,0- I II II I I llll I J I HWWHWWWhlHB >15 months, N = 71 

l-M-4-fa ' Hh ■ ■ 4»-B-1--+l> — K-+-+H — 4 

Vi ! 9-15 months, N = 27 

H 3-9 months, N = 46 

H-+HH— + 
I 



0,8- 



0,6- 



0,4- 



S 0,2- 



0,0- 




0-3 months, N= 14 



-L 



-M 



i 

0 



24 



48 



72 



96 



120 



144 



168 



Time from BF to PCD (months) 



Figure 2 Kaplan-Meier curves of patients experiencing biochemical failure for (A) Clinical failure free-survival stratified by 
PSA-doubling time categories and (B) Prostate cancer death free-survival stratified by PSA-doubling time. See Table 3 for details 
regarding hazard levels and level of significance. 



Discussion era. We found post RP PSA-DT to be a strong predictor 

This is the first large Scandinavian multicenter study of CF and PCD, even outperforming Gleason score. In 

presenting the impact of prognostic variable information addition we found PNI to be an independently strong 

regarding BF, CF and PCD in Scandinavia in the PSA predictor of all event-free survivals. Otherwise we found 
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the prognostic factors in this material to be mostly con- 
sistent to previously published larger series [34-36]. 

The strength of this paper is the unselected study popu- 
lation from Central and Northern Norway. It is reasonable 
to assess that more than 95% of men diagnosed with PC 
in this geographical area, were operated in hospitals that 
participated in this study. Moreover, the study has a rela- 
tively long FU, only patients in the PSA era were included, 
all tissues have been re-evaluated by two experienced pa- 
thologists, few patients had missing PSA-DT information, 
we have included relevant prognostic factors, and adjuvant 
treatment after RP was rare in the timeframe of this study. 
Weaknesses of the study are the retrospective design, the 
probable impact of salvage radiotherapy on the risk of 
time to events and events are low at longer follow-up 
times, contributing to low precision and large CIs (Tables 2 
and 3). In addition, a number of tissue blocks were miss- 
ing from one center, thereby reducing representativity. 

Like other studies, we have found that the time from RP 
to CF and death of PC to be extensive, even in patients 
with a BF [21,37]. Prognostic factors to stratify patients for 
risk-adapted follow-up, treatment regimens or clinical tri- 
als are crucial since the majority of operated patients will 
not have BF. Furthermore an even greater majority will 
not experience symptoms of their disease and only a very 
few will die of PC. On the other hand, it will be important 
to identify those patients who otherwise will have symp- 
toms from the recurrent disease or die. Another interest- 
ing observation is that the involved surgeons seem very 
capable to select patients for surgery with a long expected 
survival as only 8% patients died of other causes during 
follow up. 

Our observation of post-prostatectomy PSA-DT as the 
strongest predictor of CF and PCD in patients with BF is 
consistent with numerous other studies recognizing the 
importance of PSA-DT as a predictor of CF [21,22,38] and 
PCD [37,39,40] after RP. We found the same pattern in 
both health regions, thereby internally validating these re- 
sults. The importance of PSA-DT in patients treated with 
radiotherapy has also been reported [41]. In accordance 
with Antonarakis et al. we found patients in the two low- 
est PSA-DT categories (<3 months and 3-8,9 months) to 
have the worst prognosis with comparable Hazards ratios 
in the multivariable analysis. 64% of CF events and 80% of 
PCD deaths were in these two groups even though they 
collectively constituted only around 1/3 of the patients 
(35%). Although there was a correlation between Gleason 
Score and PSA-DT we saw the same trends of poor event- 
free survival when stratified for Gleason Score subgroups, 
but numbers were statistically insignificant due to the low 
number of patients in each subgroup. Our observation 
adds weight and validates the importance of PSA-DT for 
selecting BF-patients at high risk of developing clinically 
significant disease in the future. 



At time of diagnosis, Gleason score has been shown to be 
a strong predictor of high risk PC [42], but also metastasis 
and PCD after RP [38,43]. Including all patients in the ana- 
lyses we consistently found patients with a Gleason sum >9 
to have the highest risk of BF (equal to pT3b), CF and PCD. 
This highlights a major impact of Gleason score in risk 
stratification following RP. Some have, however, suggested 
that Gleason score loses its value after including PSA-DT in 
the risk-stratification [44]. Analyzing patients with BF only, 
the PSA-DT removed Gleason score from the step-wise 
multivariate analyses due to its co-variation and prognostic 
strength. Antonarakis et al. found both Gleason score and 
PSA-DT to contribute to estimate metastasis free-survival 
[21] although PSA-DT was the strongest predictor. 

Herein, extraprostatic PNI was in addition to Gleason 
score the only clinicopathological variable to predict both 
CF and PCD. Patients with an observed extraprostatic PNI 
had estimated HRs of CF and PCD at around 3. The abil- 
ity of PNI to predict subsequent events has been contro- 
versial. Some have found PNI to independently predict BF 
[45-48] while others did not found PNI to be a predictive 
factor for any event [49-53]. DAmico et al. reported PNI 
to be an independent predictor of BF, but only for low risk 
PC after evaluating biopsies [54]. Besides, the evaluation 
of its role as a prognostic factor has been hampered as it 
does not seem to be included as a histopathological vari- 
able in the large series of the world e.g. the Johns Hopkins 
database [55]. Most studies have only addressed the cor- 
relation between PNI and BF and not the more clinical 
relevant endpoints of CF and PCD. In the small, but inter- 
esting study by Aumayr et al. reported that a high amount 
of extraprostatic nerve infiltration correlated with tumor 
progression [45]. PNI found in preoperative biopsies, has 
also been found to be a predictor of metastasis and PCD 
in patients treated with dose-escalated radiotherapy [56]. 
Our finding of extraprostatic PNI as independently signifi- 
cant for prognosis with respect to CF and PCD, but not 
for BF, is in accordance with these findings. 

PSM rates in our material are high (overall 53%) and 
among the highest that have seen published. In a large 
published single-center series from Mayo by Boorjian 
et al. in an almost identical period of time they found a 
PSM rate of 31.1% with an decreasing incidence over time 
[57] . The explanation could be the high incidence of pT3x 
cancers (30%) compared to 12% in the Mayo cohort and 
higher Gleason grades in our material, as these are inde- 
pendent predictors of PSM. In addition, as our centers 
during this timeframe were low-volume centers by inter- 
national standards, this may have contributed to the high 
PSM rates [58]. Refinement of surgical technique and 
stage migration has been documented to improve the his- 
topatological outcomes [59,60]. Margin location was rele- 
vant in our cohort, as non-apical PSM were associated 
with a poor BFFS and CFFS. Margin localization was not 
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analyzed by Boorjian et al., but in a study from the same 
institution by Blute et al., they found PSM at the prostate 
base to be independently associated to outcome, as did 
Obek et al. [61,62]. A study by Godoy et al. found the base 
and anterior localization of PSM to be independently asso- 
ciated to an increased risk of BF compared to the other 
margin localizations. They specifically advocate that there 
is over-reporting of PSM from the apex and that an obser- 
vation strategy is to be adopted for the large group of pa- 
tients with a apical localization of PSM [63]. A Danish 
study also found non-apical PSM to be independently as- 
sociated to BF, whereas apical margins were insignificantly 
associated to BF in multivariate analysis [64]. 

Conclusions 

In conclusion, for the minority of patients with a subse- 
quent BF we found a low PSA-DT to be the strongest 
prognosticator for CF and PCD, recognizing its superiority 
in risk-stratification in this subgroup. We also re-launch 
PNI in the pathological specimen as a possible strong pre- 
dictor of CF and PCD following RP and a thorough evalu- 
ation in larger patient series is warranted. 

As most patients, even after risk-stratification, will not 
experience a clinically significant relapse of the disease we 
need new prognostic markers to identify the relevant sub- 
groups. We have included tissues from tumor and stroma 
of these thoroughly described and largely unselected pa- 
tients in tissue micro array blocks. Hence, this forms an 
excellent platform for future molecular studies which will 
hopefully give us some of these answers. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

Collecting clinical data: 5A, YN, NN, HB. Revising and collecting pathological 
data: ER, 0S, KA-S, L-TB. Drafting the manuscript: SA, ER, AA, RMB. Statistical 
analysis: SA, TD, YN. Design of study: SA, ER, TD, HB, L-TB, AA, RMB. All 
authors have read, revised and approved the final manuscript. 

Acknowledgements 

We would like to thank Dr. Cecilie Fiva for helping to collect tissues from 
Nordlandssykehuset Bodo, Dr. Raymond Mortensen for help to gather follow-up 
information from patients followed up at his clinic, the surgical department with 
Dr. Lars Hoem in Bodo for facilitating the collection of data from their region. At 
last we would like to thank all the medical doctors, secretaries and laboratory 
personnel at local hospitals who helped us to collect all the required data. The 
study was funded by the Norwegian Cancer Association, The Arctic University of 
Norway and the Northern Norway Regional Health Authority (Helse Nord RHF). 

Author details 

'institute of Clinical Medicine, The Arctic University of Norway, Tromso, 
Norway, department Oncology, University Hospital of North Norway, 
Tromso 9038, Norway, institute of Medical Biology, The Arctic University of 
Norway, Tromso, Norway, department Pathology, University Hospital of 
North Norway, Tromso, Norway, department of Urology, University Hospital 
of North Norway, Tromso, Norway, department Pathology, St. Olavs 
Hospital, Trondheim University Hospital, Trondheim, Norway, department 
Pathology, Nordland Hospital, Bodoe, Norway, department of Urology, St. 
Olavs Hospital, Trondheim University Hospital, Trondheim, Norway, institute 
of Cancer research and Molecular Medicine, Norwegian University of Science 
and Technology, Trondheim, Norway. 



Received: 6 November 2013 Accepted: 28 May 2014 
Published: 14 June 2014 

References 

1 . Cancer registery of Norway: Cancer in Norway 2010 - cancer incidence, mor- 
tality, survival and prevalence in Norway. Oslo: Cancer registery of Norway; 
2012. Ref Type: Report, www.kreftregisteret.no. 

2. Kvale R, Skarre E, Tonne A, Kyrdalen AE, Norstein J, Angelsen A, Wahlqvist R, 
Fossa SD: Curative treatment of prostatic cancer in Norway in 1998 and 
2001. Tidsskr Nor Laegeforen 2006, 126(7)512-916. 

3. Center MM, Jemal A, Lortet-Tieulent J, Ward E, Ferlay J, Brawley 0, Bray F: 
International variation in prostate cancer incidence and mortality rates. 
Eur Urol 2012, 61 (6):1 079-1 092. 

4. Kvale R, Moller B, Angelsen A, Dahl 0, Fossa SD, Halvorsen OJ, Hoem L, 
Solberg A, Wahlqvist R, Bray F: Regional trends in prostate cancer 
incidence, treatment with curative intent and mortality in Norway 
1980-2007. Cancer Epidemiol 2010, 34(4)359-367. 

5. Wilt TJ, Brawer MK, Jones KM, Barry MJ, Aronson WJ, Fox S, Gingrich JR, Wei JT, 
Gilhooly P, Grob BM, Nsouli I, Iyer P, Cartagena R, Snider G, Roehrborn C, Sharifi R, 
Blank W, Pandya P, Andriole GL, Culkin D, Wheeler T: Radical prostatectomy 
versus observation for localized prostate cancer. N Engl J Med 201 2, 
367(3)203-213. 

6. Vickers A, Bennette C, Steineck G, Adami HO, Johansson JE, Bill-Axelson A, 
Palmgren J, Garmo H, Holmberg L: Individualized estimation of the bene- 
fit of radical prostatectomy from the Scandinavian prostate cancer group 
randomized trial. Eur Urol 2012, 62(2)204-209. 

7. Bill-Axelson A, Holmberg L, Ruutu M, Garmo H, Stark JR, Busch C, Nordling S, 
Haggman M, Andersson SO, Bratell S, Spangberg A, Palmgren J, Steineck G, 
Adami HO, Johansson JE: Radical prostatectomy versus watchful waiting in 
early prostate cancer. N Engl J Med 201 1, 364(1 8):1 708-1 71 7. 

8. Roder MA, Brasso K, Christensen IJ, Johansen J, Langkilde NC, Hvarness H, 
Carlsson S, Jakobsen H, Borre M, Iversen P: Survival after radical 
prostatectomy for clinically localised prostate cancer: a population-based 
study. BJU Int 2014, 1 13(4)541-547. 

9. Wehrberger C, Berger I, Willinger M, Madersbacher S: Radical 
prostatectomy in Austria from 1992 to 2009: an updated nationwide 
analysis of 33,580 cases. J Urol 2012, 187(5):1 626-1 631. 

10. Etzioni R, Mucci L, Chen S, Johansson JE, Fall K, Adami HO: Increasing use 
of radical prostatectomy for nonlethal prostate cancer in Sweden. 

Clin Cancer Res 2012. 1 8(24):6 742-6747. 

1 1 . Capitanio U, Briganti A, Gallina A, Suardi N, Karakiewicz PI, Montorsi F, 
Scattoni V: Predictive models before and after radical prostatectomy. 
Prosfafe2010, 70(1 2):1 371 -1378. 

12. Sutcliffe P, Hummel S, Simpson E, Young T, Rees A, Wilkinson A, Hamdy F, 
Clarke N, Staffurth J: Use of classical and novel biomarkers as prognostic 
risk factors for localised prostate cancer: a systematic review. 

Health Technol Assess 2009, 13(5):iii-xi-iiixiii. 

13. Touijer K, Scardino PT: Nomograms for staging, prognosis, and predicting 
treatment outcomes. Cancer 2009, 115(13 Suppl):3 1 07-3 1 1 1. 

14. Ng J, Mahmud A, Bass B, Brundage M: Prognostic significance of 
lymphovascular invasion in radical prostatectomy specimens. BJU Int 
2012, 1 10(1 0):1 507-1 514. 

15. Eichelberger LE, Koch MO, Daggy JK, Ulbright TM, Eble JN, Cheng L: 
Predicting tumor volume in radical prostatectomy specimens from 
patients with prostate cancer. Am J Clin Pathol 2003, 120(3):386-391. 

16. Epstein Jl: Prognostic significance of tumor volume in radical 
prostatectomy and needle biopsy specimens. J Urol 201 1, 186(3):790-797. 

1 7. Servoll E, Saeter T, Vlatkovic L, Lund T, Nesland J, Waaler G, Axcrona K, 
Beisland HO: Impact of a tertiary Gleason pattern 4 or 5 on clinical failure 
and mortality after radical prostatectomy for clinically localised prostate 
cancer. BJU Int 2012, 109(1 0):1489-1494. 

18. Sandler HM, Eisenberger MA: Assessing and treating patients with 
increasing prostate specific antigen following radical prostatectomy. 
J Urol 2007, 178(3 Pt 2):S20-S24. 

19. Moul JW, Banez LL, Freedland SJ: Rising PSA in nonmetastatic prostate 
cancer. Oncology (Williston Park) 2007, 21 (1 2):1 436-1 445. 

20. Bruce JY, Lang JM, McNeel DG, Liu G: Current controversies in the 
management of biochemical failure in prostate cancer. Clin Adv Hematol 
Oncol 2012, 10(10:716-722. 

21 . Antonarakis ES, Feng Z, Track BJ, Humphreys EB, Carducci MA, Partin AW, 
Walsh PC, Eisenberger MA: The natural history of metastatic progression 



Andersen ef al. BMC Urology 2014, 14:49 
http://www.biomedcentral.com/1471-2490/14/49 



Page 1 0 of 1 1 



in men with prostate-specific antigen recurrence after radical prostatec- 
tomy: long-term follow-up. BJU Int 2012, 1 09(1)32-39. 

22. Slovin SF, Wilton AS, Heller G, Scher HI: Time to detectable metastatic 
disease in patients with rising prostate-specific antigen values following 
surgery or radiation therapy. Clin Cancer Res 2005, 1 1(24 Pt l):8669-8673. 

23. Okotie OT, Aronson WJ, Wieder JA, Liao Y, Dorey F, DeKERNION JB, 
Freedland SJ: Predictors of metastatic disease in men with biochemical 
failure following radical prostatectomy. J Urol 2004, 171(6 Pt 1)2260-2264. 

24. Pound CR, Partin AW, Eisenberger MA, Chan DW, Pearson JD, Walsh PC: 
Natural history of progression after PSA elevation following radical 
prostatectomy. JAMA 1999, 281 (17):1 591 -1597. 

25. Freedland SJ, Humphreys EB, Mangold LA, Eisenberger M, Dorey FJ, Walsh PC, 
Partin AW: Death in patients with recurrent prostate cancer after radical 
prostatectomy: prostate-specific antigen doubling time subgroups and 
their associated contributions to all-cause mortality. J Clin Oncol 2007, 
25(1 3):1 765-1 771. 

26. Ross AE, Loeb S, Landis P, Partin AW, Epstein J I, Kettermann A, Feng Z, 
Carter HB, Walsh PC: Prostate-specific antigen kinetics during follow-up 
are an unreliable trigger for intervention in a prostate cancer surveil- 
lance program. J Clin Oncol 2010, 28(17)2810-2816. 

27. O'Brien MF, Cronin AM, Fearn PA, Smith B, Stasi J, Guillonneau B, Scardino PT, 
Eastham JA, Vickers AJ, Lilja H: Pretreatment prostate-specific antigen (PSA) 
velocity and doubling time are associated with outcome but neither im- 
proves prediction of outcome beyond pretreatment PSA alone in patients 
treated with radical prostatectomy. J Clin Oncol 2009, 27(22):3591-3597. 

28. Stephenson AJ, Kattan MW, Eastham JA, Dotan ZA, Bianco FJ Jr, Lilja H, 
Scardino PT: Defining biochemical recurrence of prostate cancer after 
radical prostatectomy: a proposal for a standardized definition. J Clin 
Oncol 2006, 24(24):3973-3978. 

29. Cheng L, Montironi R, Bostwick DG, Lopez-Beltran A, Berney DM: Staging of 
prostate cancer. Histopathology 201 2, 60(1 ):87-l 1 7. 

30. Kordan Y, Salem S, Chang SS, Clark PE, Cookson MS, Davis R, Herrell SD, 
Baumgartner R, Phillips S, Smith JA Jr, Barocas DA: Impact of positive apical 
surgical margins on likelihood of biochemical recurrence after radical 
prostatectomy. J Urol 2009, 182(6)2695-2701. 

31. Chang SS, Cookson MS: Impact of positive surgical margins after radical 
prostatectomy. Urology 2006, 68(2)249-252. 

32. Boorjian SA, Tollefson MK, Rangel U, Bergstralh FJ, Karnes RJ: 
Clinicopathological predictors of systemic progression and prostate 
cancer mortality in patients with a positive surgical margin at radical 
prostatectomy. Prostate Cancer Prostatic Dis 2012, 15(1)56-62. 

33. Epstein Jl, Allsbrook WC Jr, Amin MB, Egevad LL: The 2005 International 
Society of Urological Pathology (ISUP) consensus conference on gleason 
grading of prostatic carcinoma. Am J Surg Pathol 2005, 29(9): 1 228-1 242. 

34. Han M, Partin AW, Pound CR, Epstein Jl, Walsh PC: Long-term biochemical 
disease-free and cancer-specific survival following anatomic radical ret- 
ropubic prostatectomy. The 15-year Johns Hopkins experience. Urol Clin 
North Am 2001, 28(3):555-565. 

35. Tollefson MK, Blute ML Rangel U, Bergstralh EJ, Boorjian SA, Karnes RJ: The 
effect of Gleason score on the predictive value of prostate-specific anti- 
gen doubling time. BJU Int 2010, 1 05(1 0):1 381 -1385. 

36. Eggener SE, Scardino PT, Walsh PC, Han M, Partin AW, Track BJ, Feng Z, 
Wood DP, Eastham JA, Yossepowitch O, Rabah DM, Kattan MW, Yu C, Klein EA, 
Stephenson AJ: Predicting 15-year prostate cancer specific mortality after 
radical prostatectomy. J Urol 201 1 , 1 85(3):869-875. 

37. Freedland SJ, Humphreys EB, Mangold LA, Eisenberger M, Dorey FJ, Walsh PC, 
Partin AW: Risk of prostate cancer-specific mortality following biochemical 
recurrence after radical prostatectomy. JAMA 2005, 294(4)433-439. 

38. Okotie OT, Aronson WJ, Wieder JA, Liao Y, Dorey F, DeKERNION JB, 
Freedland SJ: Predictors of metastatic disease in men with biochemical 
failure following radical prostatectomy. J Urol 2004, 171(6 Pt 1)2260-2264. 

39. Track BJ, Han M, Freedland SJ, Humphreys EB, DeWeese TL, Partin AW, 
Walsh PC: Prostate cancer-specific survival following salvage radiotherapy 
vs observation in men with biochemical recurrence after radical 
prostatectomy. JAMA 2008, 299(23)2760-2769. 

40. DAmico AV, Moul J, Carroll PR, Sun L, Lubeck D, Chen MH: Prostate 
specific antigen doubling time as a surrogate end point for prostate 
cancer specific mortality following radical prostatectomy or radiation 
therapy. J Urol 2004, 172(5 Pt 2):S42-S46. 

41 . Steigler A, Denham JW, Lamb DS, Spry NA, Joseph D, Matthews J, Atkinson C, 
Turner S, North J, Christie D, Tai KH, Wynne C: Risk stratification after 



biochemical failure following curative treatment of locally advanced 
prostate cancer: data from the TROG 96.01 Trial. Prostate. Cancer 201 2, 

2012:814724. 

42. Ploussard G, Epstein Jl, Montironi R, Carroll PR, Wirth M, Grimm MO, Bjartell AS, 
Montorsi F, Freedland SJ, Erbersdobler A, van der Kwast TH: The contemporary 
concept of significant versus insignificant prostate cancer. Pur Urol 201 1, 
60(2)291-303. 

43. Roehl KA, Han M, Ramos CG, Antenor JA, Catalona WJ: Cancer progression 
and survival rates following anatomical radical retropubic prostatectomy in 
3,478 consecutive patients: long-term results. J Urol 2004, 1 72(3):91 0-914. 

44. Tollefson MK, Slezak JM, Leibovich BC, Zincke H, Blute ML: Stratification of 
patient risk based on prostate-specific antigen doubling time after 
radical retropubic prostatectomy. Mayo Clin Proc 2007, 82(4)422-427. 

45. Aumayr K, Breitegger M, Mazal PR, Koller A, Marberger M, Susani M, Haitel A: 
Quantification of extraprostatic perineural spread and its prognostic 
value in pT3a pNO M0 R0 prostate cancer patients. Prostate 2011, 

71 (16):1 790-1 795. 

46. Jeon HG, Bae J, Yi JS, Hwang IS, Lee SE, Lee E: Perineural invasion is a 
prognostic factor for biochemical failure after radical prostatectomy. Int J 
Urol 2009, 16(8):682-686. 

47. Tanaka N, Fujimoto K, Hirayama A, Torimoto K, Okajima E, Tanaka M, Miyake M, 
Shimada K, Konishi N, Hirao Y: Risk-stratified survival rates and predictors of 
biochemical recurrence after radical prostatectomy in a Nara, Japan, cohort 
study. Int J Clin Oncol 201 1, 16(5)553-559. 

48. Ozcan F: Correlation of perineural invasion on radical prostatectomy 
specimens with other pathologic prognostic factors and PSA failure. 
Pur Urol 2001,40(3):308-312. 

49. Lee JT, Lee S, Yun CJ, Jeon BJ, Kim JM, Ha HK, Lee W, Chung MK: Prediction 
of perineural invasion and its prognostic value in patients with prostate 
cancer. Korean J Urol 2010, 51(1 1):745-751. 

50. Masieri L, Lanciotti M, Nesi G, Lanzi F, Tosi N, Minervini A, Lapini A, Carini M, 
Serni S: Prognostic role of perineural invasion in 239 consecutive 
patients with pathologically organ-confined prostate cancer. Urol Int 
2010, 85(4):396-400. 

51. Merrilees AD, Bethwaite PB, Russell GL, Robinson RG, Delahunt B: 
Parameters of perineural invasion in radical prostatectomy specimens 
lack prognostic significance. Mod Pathol 2008, 21(9):1095-1100. 

52. Jung JH, Lee JW, Arkoncel FR, Cho NH, Yusoff NA, Kim KJ, Song JM, Kim SJ, 
Rha KH: Significance of perineural invasion, lymphovascular invasion, and 
high-grade prostatic intraepithelial neoplasia in robot-assisted laparo- 
scopic radical prostatectomy. Ann Surg Oncol 201 1, 18(1 3):3828-3832. 

53. Freedland SJ, Csathy GS, Dorey F, Aronson WJ: Percent prostate needle 
biopsy tissue with cancer is more predictive of biochemical failure or 
adverse pathology after radical prostatectomy than prostate specific 
antigen or Gleason score. J Urol 2002, 167(2 Pt 1)516-520. 

54. D'Amico AV, Wu Y, Chen MH, Nash M, Renshaw AA, Richie JP: Perineural 
invasion as a predictor of biochemical outcome following radical 
prostatectomy for select men with clinically localized prostate cancer. 
J Urol 2001, 165(0:126-129. 

55. Partin AW, Pound CR, Clemens JQ, Epstein Jl, Walsh PC: Serum PSA after 
anatomic radical prostatectomy. The Johns Hopkins experience after 
10 years. Urol Clin North Am 1 993, 20(4):71 3-725. 

56. Feng FY, Qian Y, Stenmark MH, Halverson S, Bias K, Vance S, Sandler HM, 
Hamstra DA: Perineural invasion predicts increased recurrence, 
metastasis, and death from prostate cancer following treatment with 
dose-escalated radiation therapy. Int J Radiat Oncol Biol Phys 201 1, 
81(4):e361-e367. 

57. Boorjian SA, Karnes RJ, Crispen PL, Carlson RE, Rangel U, Bergstralh FJ, Blute ML: 
The impact of positive surgical margins on mortality following radical 
prostatectomy during the prostate specific antigen era. J Urol 201 0, 
183(3):1003-1009. 

58. Urbanek C, Turpen R, Rosser CJ: Radical prostatectomy: hospital volumes 
and surgical volumes - does practice make perfect? BMC Surg 2009, 9:10. 

59. Berger AP, Volgger H, Rogatsch H, Strohmeyer D, Steiner H, Klocker H, 
Bartsch G, Horninger W: Screening with low PSA cutoff values results in 
low rates of positive surgical margins in radical prostatectomy 
specimens. Prostate 2002, 53(3)241-245. 

60. Eastham JA, Kattan MW, Riedel E, Begg CB, Wheeler TM, Gerigk C, Gonen M, 
Reuter V, Scardino PT: Variations among individual surgeons in the rate of 
positive surgical margins in radical prostatectomy specimens. J Urol 2003, 
170(6 Pt 1)2292-2295. 



Andersen ef al. BMC Urology 2014, 14:49 
http://www.biomedcentral.com/1471-2490/14/49 



Page 11 of 1 1 



61. Blute ML, Bostwick DG, Bergstralh EJ, Slezak JM, Martin SK, Amling CL, 
Zincke H: Anatomic site-specific positive margins in organ-confined 
prostate cancer and its impact on outcome after radical prostatectomy. 
Urology 1997, 50(5):733-739. 

62. Obek C, Sadek S, Lai S, Civantos F, Rubinowicz D, Soloway MS: Positive 
surgical margins with radical retropubic prostatectomy: anatomic 
site-specific pathologic analysis and impact on prognosis. Urology 1999, 
54(4):682-688. 

63. Godoy G, Tareen BU, Lepor H: Site of positive surgical margins influences 
biochemical recurrence after radical prostatectomy. BJU Int 2009, 

104(1 1):1 61 0-1 61 4. 

64. Vrang ML, Roder MA, Vainer B, Christensen IJ, Gruschy L, Brasso K, Iversen P: 
First Danish single-institution experience with radical prostatectomy: 
impact of surgical margins on biochemical outcome. Scand J Urol Nephrol 
2012. 46(3):172-179. 

• • 

doi:10.1 186/1471-2490-14-49 

Cite this article as: Andersen ef at Disease-specific outcomes of Radical 
Prostatectomies in Northern Norway; a case for the impact of perineural 
infiltration and postoperative PSA-doubling time. BMC Urology 

2014 14:49. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at /^'\ n! _, ul _-| r Q r,tr=l 

www.biomedcentral.com/submit ammBa central 



V 



